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Description 

CONTAMINATION CONTROL FOR ENGINES 

Related Cases 

[01] This application claims priority from the provisional application, 

entitled "Contamination Control for Engines," serial number 283,936/60, filed on 
Aprill7, 2001. 

Technical Field 

[02] This invention relates to the field of engines, and more 

specifically, a system for and method of preventing engine damage by detecting 
particles in an engine fluid, such as engine oil. 

Background 

[03] There is an industry perception that particle counting is not 

practical in a running engine environment due to, inter alia, build up of soot in the 
engine oil. In the prior art, several methods exist for determining soot buildup. 
In one prior art method, particles in diesel engine oil are counted by cutting open 
the oil filter and visually counting the particles after an engine dynamometer test 
procedure. In another method, a bottle sampler is utilized to catch oil samples. 
The samples are then visually examined for clues as to contamination or 
spectrographically analyzed. These methods allow for the counting of particles 
large enough to be seen by the human eye, but fails to detect debris circulating in 
an engine oil system while the engine is running, for instance in a dynamometer 
test. 

[04] A problem with the known prior art method is the cost associated 

with not detecting particles smaller than what an oil filter catches. Current oil 



filters do not catch all of the particles that can cause engine wear; they only catch 
large particles. This may shorten the life of the engine and result in higher repair 
costs. 

An additional problem with the prior art method is the inability to 
detect harmful levels of particles in the engine until after an oil change. This 
delay can cause damage to the engine and result in high repair costs. 

The present invention is directed to overcoming one or more of the 
problems or disadvantages associated with the prior art. 

Summary of the hivention 

One aspect of the present invention is directed to a method of 
detecting contamination of engine fluid in an engine. Engine fluid is provided to 
a particle counter, and characteristics of the cleanliness of the engine fluid is 
measured with the particle counter during operation of the engine. 

In another aspect of the present invention, a system is provided for 
measuring contamination in the engine fluid of a running engine. The system 
includes a source of engine fluid, a particle counter attached to the source, and a 
drain for draining the engine fluid from the particle counter. 

In another aspect of the present invention, a filtration system for 
cleaning engine fluid during an engine dynamometer test is provided. The 
filtration system includes an external pump for drawing engine fluid from the 
engine and an external filter through which the pump draws the engine fluid. 

In another aspect of the present invention, a system is provided for 
detecting contaminants in engine fluid of a running engine and cleaning the 
contaminants. The system includes a filtration system for cleaning the engine 
fluid and a particle counter attached to a source of engine fluid. 

In another aspect of the present invention, a method is provided of 
detecting contamination in engine fluid and cleaning engine fluid in a running 
engine. The method first includes measuring the cleanliness of the engine fluid 
during a test cycle. Next, a filtration system is operated for a first period of time 



in the test cycle. After operation of the filtration system, corrective action is 
taken during a second period of time in the test cycle when the characteristics of 
the cleanliness of the engine fluid reaches a threshold level. 

In another aspect of the present invention, a system is provided for 
detecting contaminants in engine fluid from a running engine and cleaning the 
contaminants. The system includes a filtration system having an external pump 
for drawing the engine fluid from the engine and an external filter through which 
the pump draws the engine fluid. The system further includes a particle counter 
system attached to a source of engine fluid. The particle counter system includes 
an optical particle counter and a computer for displaying particle count 
information, the computer being in communication with the particle counter. 

In another aspect of the present invention, a method of measuring 
and analyzing the health of an engine is provided. Engine fluid is provided to a 
particle counter, and characteristics of the cleanliness of the engine fluid is 
measured with the particle counter during operation of the engine. 

Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and 
constitute apart of this specification, illusfrate one embodiment of the invention 
and together with the description, serve to explain the principles of the invention. 

Figure 1 is a block diagram illustrating a filtration system in which 
features and principles of an embodiment of the present invention may be 
implemented. 

Figure 2 illustrates, diagrammatically, an engine attached to a 
particle counter system in which features and principles of an embodiment of the 
present invention may be implemented. 

Figure 3 is a graph of a dynamometer test cycle implemented 
according to the features and principles of an embodiment of the present 
invention. 



Figure 4 illustrates the operation of the particle counter during a 
particle test cycle. 



Detailed Description 

Embodiments consistent with the present invention, provide an 
engine fluid filtration system and a particle counter, either alone or in 
combination, to clean, analyze, and/or monitor engine fluid within an engine. In 
exemplary embodiments, the engine fluid may be oil. An exemplary body 
consistent with the present invention permits the monitoring and analysis of 
contamination within the engine fluid to estabUsh the health of the engine. 

Figure 1 is a block diagram illustrating a filtration system in which 
features and principles of the present invention may be implemented. The 
present invention may include a filtration system for cleaning engine fluid, such 
as oil, and an external particle counter for measuring the cleanliness of the engine 
fluid. The filtration system may be external to the running engine and may be a 
kidney loop filtration system, hi one embodiment of the invention, the filtration 
system draws fluid fi-om the engine pan, pumps it through a first and second 
filter, and returns the fluid to the fill tube of the engine or back to the engine oil 
pan in the case of oil being the measured fluid. 

As illustrated in Figure 1, engine 1 10 has an engine oil system in 
fluid communication with fill tube 160 and oil pan 120. hi the illustrated 
embodiment of the invention, engine oil is drawn fi:om engine 110 through oil 
pan 120 via hose 125. The oil pan provides unfiltered enguie oil to the filtration 
system. Those skilled in the art will appreciate that filtered engine oil could also 
be sent to the filtration system. Hose 125 may be an appropriately dimensioned 
diameter hose or pipe. 

An oil pump 140 draws the engine oil through a first filter 130 
placed prior to the oil pump 140. In the exemplary embodiment of the invention, 
the first oil filter 130 is a 5 micron filter, which may be placed prior to the pump 
140 in order to eliminate larger particles. A second oil filter 150 may be placed 



after the oil pump 140 to remove smaller particulate from the oil. In the 
exemplary embodiment of the invention, the second oil filter 150 may be a 2 
micron filter. After passing through second oil filter 150, the engine oil is 
returned to the engine 110 through fill tube 160. Those skilled in the art will 
appreciate that the filtration system consistent with embodiments of the present 
invention may be arranged in other fashions in order to accomplish the goal of oil 
filtration. 

While the filtration system consistent with embodiments of the 
present invention is useful for removing particles fi-om engine oil that the internal 
filter of an engine oil filter would miss, another feature consistent with 
embodiments of the present invention is the addition of a particle counter to an 
engine for counting the particles present in an engine. The particle counting may 
occur prior to, during, or after filtering. It is also contemplated that the addition 
of a particle counter to an engine would be useftil regardless of whether an 
external filtration system is utihzed. 

Figure 2 illustrates, diagrammatically, an engine attached to a 
particle counter system in which features and principles of an embodiment of the 
present invention may be implemented. In attaching the particle counter 210 to 
the engine 110 running the dynamometer test, one embodiment of the invention 
attaches the particle counter 210 to the unfiltered side of the engine oil filter of 
the engine 110. In this way, a more accurate assessment of engine oil 
contamination may be made over an alternative embodiment that attaches to the 
filtered side of the engine oil filter. Particle counter 210 feeds the tested oil 
through drain line 230 to drain bottle 240, where it is later disposed of 
Alternatively, the fluid may be recirculated to the engine. 

In an embodiment utiUzing a Pamas OLS-2 particle counter, the 
particle counter 210 may be set to a high pressure position during operation. In 
an embodiment, the particle counter 210 and feed line 220 from the engine 110 to 
the particle counter 210 may be fiilly purged prior to taking a reading from the 



particle coimter 210. In one embodiment consistent with the present invention, 
the particle comter 210 and feed line are purged of three times the volume of 
fluid within the particle counter 210 and feed line 220. hi an exemplary 
embodiment, when the particle counter 210 is placed 90 inches from the engine 
using a 6 mm internal diameter feed line and pumping at a rate of 25 ml/minute, 
the particle counter is purged for 90 seconds. 

The particle counter of one embodiment of the present invention is 
a Pamas OLS-2 particle counter. This particle counter is in communication with 
a computer system and is able to store and display particle covint information, or 
associated information, to an operator. The particle counter operates by shining a 
beam of hght through an engine oil sample placed between glass (or other 
transparent) surfaces. The absorption of the hght is measured and used to 
calculate the size and amount of particles within the fluid stream. This particle 
count translates to a level of contamination within the engine fluid being tested. 
While an optical particle counter is described, those skilled in the art will 
appreciate that other online particle counting systems may be substituted. 

The particle counter of one embodiment of the present invention is 
able to identify the size of particles detected. The particle sizes may be 
determined, analyzed, stored and/or categorized as small, medium, and large. 
Particles parameters, e.g. the quantity, size, and rate of production of particles, 
either alone or in combination, are characteristics of the cleanliness of the engine 
fluid and may be used as an indicator of the health, status, failure, or predictive 
failure of the engme. For example, a gradual increase in particles in the fluid 
may indicate a slow failure of the engine may occur. For another example, a 
drastic increase in large particles may be an indication of an instantaneous failure 
of the engine. 

A monitoring and analysis process consistent with an exemplary 
embodiment of the present mvention may consist of one or more measuring and 
filtering periods. During a first measurement period, the particle counter can be 



monitoring and measuring particle parameters that are characteristics of the 
cleanliness of the engine fluid. In the exemplary embodiment, no filtering is 
occurring during the first period, so that an analysis of the quality of the engine 
build can be determined. However, should the characteristics of the cleanliness 
exceed a threshold during this first period, the filtering may be initiated, either 
automatically, prompted to an operator by the process, or by the operator upon 
viewing the characteristics. 

During a second measurement period, the particle coimter may be 
run along with the filter. This second measurement period may be for a set 
period of time, or the time period may be determined by the process based on the 
one or more characteristics of cleanliness of the fluid. 

During a third measurement period, the particle counter may be 
activated without any filtering present. This permits monitoring the health of the 
engine after the initial particle count has been reduced by the second 
measurement period. If the characteristics of cleanliness indicate a decrease in 
cleanliness over time, the engine maybe malfunctioning and corrective action 
can be taken. For instance, a rise in particle count over time or an increase in 
count above a threshold value may be an indication of malfiinction. The process 
may automatically shut the engine down, take such corrective action as 
necessary, or notify the operator of the malfimction for the operator to take 
action. Thus, the process' examination of the rate of change of characteristics of 
cleanliness provides predictive indications of engine health to prevent engine 
failure. 

In addition to the rate of change of the characteristics, particular 
characteristics lead to information about engine health. For instance, the 
detection of small particles in the engine fluid may be an indication of a slow 
failure that may occur over a period of time. The rapid detection of large 
particles may be an indication of an instantaneous failure. Also, while a small, 
linear increase in particles over time may be the result of normal engine break-in. 



an exponential increase in particles over time may indicate an engine failing over 
time. 

Further measurement periods may be utilized as deemed 
appropriate to clean and analyze the engine health. For instance, a final filtration 
period may be run to reduce the particle count to below a threshold level. 

Figure 3 is a graph of a dynamometer test cycle implemented 
according to the features and principles of the present invention. The 
dynamometer test cycle 300 illustrated is for an implementation consistent with 
an embodiment of the present invention utilizuig both the filtiration system and 
the particle counting system. Black shaded portions of dynamometer test cycle 
300 illustrate those phases in the cycle during which a filtration system is in 
operation. Illusti-ated beneath the dynamometer test cycle 300 is a graph showing 
that a total of seven particle counter test cycles 310a-310g are taken during the 
course of the dynamometer test cycle 300. The particle counter system may be 
operated continuously during the course of the dynamometer test in order to gain 
knowledge as to the initial cleanliness of the engine, critical particle buildup 
within the engine, and final cleanliness of the engine. While a dynamometer test 
cycle of 105 minutes is illustrated, those skilled in tiie art will appreciate that 
longer, short cycles, or the number of cycles may be appropriate depending on 
the type of engine, engine history, filtiration system, and other factors, such as 
past experience, dictate. 

At time t=0 seconds, the dynamometer test begins with the engine 
load set to a low idle and particle counter test cycle 310a commencing. The 
engine is run at low idle for a ten minute period of time with no filtration 
occurring. This allows the operator of the system to ascertain the initial 
cleanliness of the engine fi-om the first particle counter test cycle 310a. This is an 
indication of how well the engine was assembled. As the operator observes this 
test cycle, or any test cycle, he may choose to shut down the dynamometer test if 
a high particle count is mdicated by the particle counting system, or the system 



may automatically perform a shutdown based on particle parameters. Unlike 
prior art particle counting accomplished by cutting open an oil filter after a test 
and counting particles, systems consistent with the present invention allow for the 
detection and prevention of catastrophic failures through its feedback of particle 
parameters. 

At time t=10 minutes, the filtration system is activated to clean the 
particulate out of the engine oil. The engine remains at low idle with the 
filtration system in operation, until time t=15 minutes. At this time, the first 
particle test cycle 310a is completed and a second particle test cycle 310b is 
begun. In addition, the engine is brought to Va load and filtration continues until 
time t=20 minutes. The engine load is increased in this fashion in order to flush 
additional particulates out of the system. Fluid flows at a given rate, say at low 
idle engine speed, form eddies and currents. These eddies at a first, or low flow 
rate, trap particles, which are not released firom inside the engine until a change in 
engine load dictates a change in fluid oil flow. The change in fluid oil flow will 
form a different set of eddies, thus releasing particles previously trapped at the 
lower flow rate. 

The engine continues to run at a load until time t=30 minutes, 
when the second particle test cycle 310b is completed, with a new particle test 
cycle 3 10c begun, and the engine is brought to fiill load for a period of time. Li 
the illustrated dynamometer test cycle 300, the engine is run at fiill speed until 
time t=90 minutes; however shorter or longer durations may be desirable 
depending on the engine and cleanliness variables observed. Through the full 
load portion of the dynamometer test cycle, additional particle test cycles 3 10c- 
3 1 Of are taken. In this embodiment, because the filtration process may not be 
initiated until the last ten minutes of the fiill load portion of the cycle 300, 
potential failures caused by particle buildup can be detected and prevented. Of 
course, it may be advantageous in certain circumstances to not delay the 
operation of the filtration process to the last ten minutes. During the last ten 
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minute period of full load, time t=80 minutes to t=90 minutes, the filtration 
system is operated to remove particles built up during the cycle. 

At time t=90 minutes, the engine is brought back to low idle until 
time t=95 minutes and the filtration system continues to run to remove particles 
jettisoned following the speed changes. At time t=95 minutes, the filtration 
system is turned off, so that the last ten minutes of the cycle allow analysis and 
monitoring of final engine cleanliness. 

The above process may be repeated as needed in order to further 
test the engine, or remove further particles. In addition, the above process could 
be implemented with the filtration system not in place if an examination of the 
engine is desired without the presence of external filtering. 

Figure 4 illustrates the operation of the particle counter during a 
particle test cycle 310. At pre-run time 410, the particle counter performs no 
counting operation, but merely flushes the oil through the particle counter, 
dumping the oil to the drain bottle. This serves to purge the feed line and particle 
counter, so an actual sample from the engine is tested. At time, t=90 seconds, a 
particle count is taken over a 60 second measurement cycle 415a. This is 
followed by further cycles of 20 second short purges 420a - 420h interspersed 
between 60 second measurement cycles 415b - 41 5j. Following the tenth 
measurement cycle 415j, the pump is switched off 430. Thus ten measurements 
are made in each particle test cycle 310. 

Industrial Applicabilitv 

This invention is for use in any environment where testing of 
contaminants in an engine fluid is desu-ed. By means of example only, the 
present invention may be used in dynamometer testing of new or rebuilt 
industrial diesel engines. In addition, the present invention may also be used, for 
example, in testing of new or rebuilt, gasoline engines, aircraft engines and 
marine engines. While the exemplary embodiment is described in connection 
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with engine oil, other embodiments of the present invention may include any type 
of fluid utilized in an engine. 

Those skilled in the art are concerned about soot in the oil 
interfering with an optical particle counter. One way in which the soot problem 
is avoided is by operating the particle counter on new or newly rebuilt engines. 
The particle counter system of the present invention has been found to operate in 
a satisfactory manner on these engines. In a test of the system, an engine was run 
for an eight hour period with no filtration present on the system, the highest soot 
value measured during this test was 12 percent of the allowable soot value for the 
particle counter. The results of this test indicate that the particle counter system 
of the present invention may also be used on engines that are not new or newly 
rebuilt. Therefore, the method and system of the present invention are appUcable 
to engines in general. 

Systems consistent with the present invention may be composed of 
the particle counting system for measuring particulate in the oil, the filtration 
system for removing contamination from the oil, or a combination of these two 
systems. When used in combination, the system operates to clean the engine oil 
and also to analyze and monitor for particle information that yield information on 
engine health. Thus, the system can both sense a problem and take corrective 
action to remedy that problem. In addition, the results of the system analysis may 
be used to provide recommendations to an engine builder regarding the building 
process, for instance, providing a cleaner environment or providing cleaner 
engine fluid to the engine initially. Alternatively, the system may be able to 
provide the recorrmaendations to the builder based on the particle parameters. 

For instance, the results of a particle count may be compared to a 
threshold value. Should the particle count exceed the threshold, indicating that 
the engine is not as clean as desired, the filtrations system may be activated, or 
reactivated, for filtering the oil. The filtration system may be activated until such 
time as the particle count drops below the threshold level. In addition, if a 
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malflmction criteria is met, such as an increase in particle count over a period of 
time or a particle count in excess of a threshold value, a control function of the 
system may automatically shut the engine down, thereby preventing major engine 

damage. 

In one embodiment, when the filtration system is used in 
conjunction with the particle coimter, the flow rate of the filtration system may be 
high enough to remove particulates fi-om the oil, but low enough to prevent air 
bubbles firom being formed in the oil. Such bubbles may yield faulty readings m 
the particle counter. 

The results of the measurements made in the present invention 
may be displayed in graphical or tabular form. In addition, the particle counter 
may be in communication with a computer system for logging the results of each 
dynamometer test cycle. Engine logs may be maintained for each engine and 
compared to other engines, particularly engines of an analogous type. It is 
contemplated that an operator may enter engine information into the computer 
system, and the computer system would use an internal database to set up the 
dynamometer, kidney filtration system, and particle counter system parameters. 
For instance, if an operator enters in the computer system that engine type X is to 
be tested, the internal computer system may instruct the operator that the purge 
line is to be of a particular length, instruct the particle coimter of the appropriate 
purge tunes, and estabUsh dynamometer parameters, all of which are particular to 
engine type X. In addition, the computer system may display guideline 
cleanliness parameters for that particular engine type, so that the operator knows 
when the engine cleanliness is out of tolerance. The computer system may 
automatically perform a shut down of the dynamometer process, activate the 
filtration system upon detection of out of tolerance cleanliness parameters, or 
provide analysis to operators. 

It will be readily apparent to those skilled in this art that various 
changes and modifications of an obvious nature may be made, and all such 
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changes and modifications are considered to fall within the scope of the appended 
claims. Other embodiments of the invention will be apparent to those skilled ui 
the art jfrom consideration of the specification and practice of the invention 
disclosed herein. It is intended that the specification and examples be considered 
as exemplary only, with a true scope and spirit of the invention being indicated 
by the following claims and their equivalents. 



